with PLD. There were no treatment interruptions or discontinuations due to cardiac toxicity. Conclusion: Cumulative doses of PLD 6 400 mg/m 2 are not associated with clinically evident cardiac toxicity in gynecologic oncology patients.
Introduction
Doxorubicin in its unaltered form has proven anticancer activity, however its clinical use is limited by its cardiotoxicity. Over one quarter of patients treated with up to 550 mg/m 2 will experience doxorubicin-related congestive heart failure (CHF) [1] . In order to minimize doxorubicin's adverse effects, investigators initially explored means by which to optimize dosing in order to minimize side effects [2, 3] , however, more recently new formulations of the drug have been developed. Pegylated liposomal doxorubicin (PLD) is a unique formulation in which a doxorubicin-containing liposome is surrounded by a polyethylene glycol layer. This formulation protects it from being taken up by mononuclear phagocyte cells, resulting in a prolonged plasma half-life. Liposomal encapsulation allows for decreased accumulation within the heart and greater accumulation within tumor sites [4] .
PLD is an effective and tolerable agent in the treatment of recurrent and refractory ovarian carcinoma [5] [6] [7] [8] [9] . PLD has been shown to have a significantly reduced cardiac toxicity with similar efficacy when compared to doxorubicin in patients with metastatic breast cancer [10] . A few, small studies have evaluated the cardiac safety of high cumulative doses of PLD in gynecologic oncology patients [11] [12] [13] . The purpose of this study was to determine the cardiac safety of PLD in gynecologic oncology patients receiving high cumulative doses of PLD.
Methods
After obtaining approval from the Roswell Park Cancer Institute institutional review board, a retrospective chart review of women with gynecologic malignancies treated at Roswell Park Cancer Institute from 2002 to 2007 who received 6 400 mg/m 2 of PLD was performed. Data collected included age, height, weight, medical comorbidities (i.e. diabetes mellitus and hypertension), cumulative dose and number of courses of PLD received, left ventricular ejection fraction as determined by multigated acquisition (MUGA) scans and at baseline and during follow up (if available), and any signs and symptoms of CHF. MUGA scans were considered 'baseline' if they were obtained prior to the initiation of PLD chemotherapy or immediately following the first course. BMI was calculated as: body weight (kg)/height (m) 2 . BMI was categorized as follows: ! 18.5 underweight; 18.5-24.9 normal; 25-29.9 overweight, and 6 30 obese [14] .
PLD was administered at initial doses of 30 or 40 mg/m 2 . Therapy was repeated every 4 weeks. Adjustments for toxicity consisted of either dose reduction or treatment delay.
Results
Forty-two of 116 patients met the inclusion criteria. The mean age at initiation of PLD therapy was 63 years. Thirty-six patients were being treated for either ovarian, primary peritoneal or fallopian tube carcinoma. Four patients had an endometrial primary cancer and 1 patient each was being treated for cervical and vulvar cancer. Fifty-seven percent (24/42) of patients had a diagnosis of hypertension and 14% (6/42) of patients were diabetic, including 4 patients who were both diabetic and hypertensive. BMI was able to be calculated for 41 patients. The average BMI was 28.6 (range 17.4-51.2). One patient was underweight (2.4%), 16 patients were normal weight (39%), 8 patients were overweight (20%) and 16 patients (39%) were obese. The mean cumulative dose of PLD was 663.9 mg/m 2 (range 400-1,524 mg/m 2 ). The mean cumulative number of cycles of PLD given was 9.5 (range . No patients were previously treated with doxorubicin. Patient characteristics are shown in table 1 .
MUGA scans were obtained in 98% (41/42) of patients prior to or immediately following their first dose of PLD. The mean baseline ejection fraction was 63% (range 49-76). Only 1 patient had an abnormal left ventricular ejection fraction (LVEF; 49%) at the initiation of therapy (normal 6 50%). However, at a follow-up MUGA scan after her second course of PLD this increased to 55%. Follow-up MUGA scans were performed on 7 patients (17%). Mean change was +2.3% with a range of -3% to +9%. Two patients had a decrease in their ejection fraction, but of only 3 and 1%, which was not clinically significant. In the patient who showed an initial 3% drop in her LVEF (from 75% at baseline to 72% after her eighth cycle), it was ultimately 77% after completion of her 14th cycle of PLD. The remaining 5 patients who had follow-up MUGA scans had an average increase in their LVEF of 4% (range 1-9%).
No patients developed clinical evidence of CHF while being treated with PLD. There were no treatment interruptions or discontinuations due to cardiac toxicity.
Discussion
Doxorubicin is an effective anti-tumor agent, however its use is limited by its associated cardiotoxicity. In a recent meta-analysis of three phase III trials involving 630 patients treated with doxorubicin, Swain et al. [1] reported that the cumulative risks of developing doxorubicin-induced CHF were 5% at a cumulative dose of 400 mg/m 2 , 26% at 550 mg/m 2 and 48% at 700 mg/m 2 . One strategy for reducing doxorubicin's cardiotoxicity is to coat the drug in a liposomal capsule. PLD is a unique formulation in which a doxorubicin-containing liposome is surrounded by a polyethylene glycol layer. PLD has proven activity in the treatment of recurrent and refractory epithelial ovarian carcinoma [5, 6, 9, 15] .
Few studies have evaluated the cardiac safety of high cumulative doses of PLD in gynecologic oncology patients. Uyar et al. [13] reported on 22 patients with gynecologic malignancies who received a median of 8 cycles and a median cumulative dose of 483 mg/m 2 of PLD. There were no dose reductions secondary to cardiac dysfunction. Of the 7 patients who received serial MUGA scans, none had a decrease in LVEF to less than 50%, and only 1 had a decrease in LVEF of 6 10% compared to baseline. That patient had no clinical evidence of cardiac dysfunction and continued PLD therapy. In 2007, Andreopoulou et al. [11] reported their experience treating patients with recurrent epithelial ovarian cancer with PLD. Sixteen patients were treated with PLD for more than 1 year. PLD was primarily given in combination with another agent (carboplatin in 5 patients and topotecan in 9 patients). Eleven patients had a MUGA scan before and after PLD therapy. No patient had a 1 9% decline in LVEF after receiving PLD except 1 patient who, 10 months after discontinuation of PLD, developed cardiogenic shock during an episode of neutropenic sepsis with a LVEF of 20% which subsequently recovered to 45%. Safra et al. [12] performed a retrospective analysis of 42 patients who received more than 500 mg/m 2 of PLD, including 20 patients with ovarian cancer. With a median dose of PLD of 660 mg/m 2 , none of the 42 patients had clinical CHF. Forty-one of 42 patients had MUGA scans and only 5 had a drop in LVEF of 6 10%, three of whom had received prior doxorubicin.
In our study of gynecologic oncology patients, a majority of whom are overweight and have medical comorbidities, receiving a mean cumulative dose of 663.9 mg/m 2 of PLD, no patients developed clinical evidence of CHF while receiving PLD. These results are consistent with prior PLD studies showing an improved cardiac safety profile of PLD compared to doxorubicin [10, 12, 13, 16] . Between 26 and 48% of patients receiving the same cumulative dose of doxorubicin as PLD received in our study would be expected to have anthracyclineinduced CHF. Secondary to doxorubicin's cardiotoxicity, Schwartz et al. [17] formulated criteria for monitoring LVEF and discontinuing doxorubicin. Their recommended guidelines included serial assessment of LVEF as a means to reduce the incidence and severity of CHF and to identify patients who can safely tolerate high cumulative doses of doxorubicin. Extrapolating from the doxorubicin data, our institution routinely assesses LVEF via a MUGA scan prior to the initiation of PLD. In our study, almost all (98%, 41/42) patients initiated PLD therapy with a normal LVEF. There were no clinically evident cases of CHF or treatment modifications based on followup MUGA scans, supporting a lack of associated cardiac toxicity in this patient population.
The cardiac safety profile of high cumulative doses of PLD in gynecologic oncology patients demonstrated in this and other studies shows the lack of usefulness of serial LVEF assessment in the absence of clinical indications [11] [12] [13] . In gynecologic malignancies, PLD is administered mainly to patients with recurrent ovarian cancer, where the primary goal is symptom relief and improvement in quality of life. In patients whose tumors are responding to PLD, it does not appear that management would be altered based on the cumulative dose of PLD the patient has received.
Based on our study, high cumulative doses of PLD do not adversely impact cardiac function. Those patients who have received prior doxorubicin therapy, however, need careful observation and monitoring secondary to the significant cardiotoxicity risk with high cumulative doses of doxorubicin. Larger studies are needed to confirm these results as well as future investigations into the benefit of monitoring for cardiac dysfunction via assessment of LVEF in those patients treated with PLD.
Future studies should also focus on the role of biomarkers, such as troponin and natriuretic peptides, in assessing early signs of cardiac dysfunction in patients receiving chemotherapy with the potential for cardiac toxicity [18] [19] [20] .
